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Abstract
A deficit in the neurotransmitter acetylchloline is a common
occurence in those suffering from Alzheimer's dementia and similar
neuological disease conditions. Efforts to stimulate in vivo production of
acetylchloline have been less successful than strategies to decrease the
rate of metabolism of in vivo acetylcholine via inhibition of
acetylcholinesterase, the enzyme responsible for metabolism of
acetylcholine.
Inhibition and de-activation of acetylcholinesterase has been
shown by arylcholine carbonate compounds and some derivatives.
Additionally, it has been shown that compounds containing an active
ethynyl group function as irreversible suicide inhibitors ofenzymes.
In an effort to discover new and more potent inhibitors of
acetylcholinesterase, a new series ofthiocarbonates containing an ethynyl
functional group were synthesized for activity screening. The synthesis
employed was developed to be applicable for synthesis of a variety of
future analogs.
Introduction
Alzheimer's dementia is a disease characterized by progressive
degeneration of memory and learning. This neurodegenerative disorder is
characterized by an increase in the number of neurite plaques and
neurofibrillary tangles in the cerebral cortex, hippocampus and amygdala. 1
There are numerous neurochemical abnormalities present in those afflicted
with Alzheimer's dementia. A common occurrence is a decrease in the
activity level of choline acetyl transferase, the enzyme responsible for
catalyzing the synthesis ofacetyl chloline.2 Acetyl choline is a
neurotransmitter for all voluntary muscles ofthe body and many
involuntary muscles and organs. Acetyl choline is the primary
neurotransmitter in the cerebral cortex and therefore may be involved in
the learning and memory functions ofthe brain.3 Studies confirm there is a
correlation between decreased levels of acetyl choline and the severity of
patients with dementia.4
Efforts to treat Alzheimer's dementia have focussed on increasing
levels ofacetyl choline or de-activating acetyl cholinesterase, the enzyme
responsible for the degradation of acetyl choline to acetic acid and choline
as shown in figure 1.5
2
Figure 1
01
ChAT II N+-~~O~\
o
AChE ~ II
-----iAOH
I
+ N+-HO~\
The active site ofacetyl cholinesterase contains an anionic site
which binds the quaternary ammonium group of acetylcholine, and a
esteratic site containing a serine residue which reacts with acetyl choline
to form the irreversible acetylated enzyme as shown below in figure 2,3
Figure 2
&clloll..
:~c~t1c .cld
L
Regenerated enzyme
3
The involvement of cholinesterase in Alzheimer's disease has led
to the development of cholinomimetics including chloinesterase inhibitors
as pharmacological targets. Anticholinesterase drugs such as
physostigmine (eserine) and tetrahydroaminoacridine (THA), shown
below in figure 3 have been tested for the treatment of cholinergic
disorders such as Alzheimer's dementia. 6,7
Figure 3
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Although these compounds have limited effectiveness, their
instability and relatively high toxicity have prompted searches for less
toxic compounds which are longer acting and bind more specifically to the
brain acetylcholinesterase active site.6, 7 Incorporation of a functionality
which acts as a suicide inhibitor ofacetylcholinesterase would allow
irreversible binding in the active site and inhibition ofthe enzyme.8 A
functionality which reacts with the active site ofthe enzyme may form a
covalently bound conjugate and result in loss of enzyme activity.
Boyle and co-workers found that certain thiocarbonate compounds
are effective competitive inhibitors versus substrate acetylcholine and are
not hydrolyzed by acetyl cholinesterase.9
In the design of compounds to act as suicide inhibitors of acetyl
cholinesterase, a thiocarbonate functionality similar to the ester
functionality of acetyl choline was incorporated as well as an acetylenic
moiety to allow the compound to act as an irreversibly binding suicide
inhibitor. Both para and meta-substituted compounds were synthesized.
Para substituted compounds should fit the active site while meta
substituted compounds should not fit the narrow gorge active site.3
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Chapter 1 Synthesis of thiocarbonates
1.1 synthesis of thioacetates
A logical starting point in the synthesis ofthiocarbonate
compounds is the appropriate thiol moiety. A desirable strategy would
start with commercially available and reasonably priced reagents. This
was the strategy employed as a first attempt. Bromo-thiophenol was a
good starting point for subsequent transformations needed to reach the
final target compounds. Bromo-thiophenol is commercially available in
ortho, meta and para-substitution at a reasonable cost. However, bromo-
thiophenol is unsuitable for the subsequent aryl halide coupling step due to
poisoning ofthe catalyst employed in the coupling step. Protection ofthe
free thiol group is necessary to prevent catalyst poisoning. Successful
protection ofthe thiol group through reaction with chloro-acetyl or the
appropriate chloroformate was employed prior to attempting the aryl
halide coupling. The bromo-thioacetyl and bromo-thiocarbonate
compounds proved to be unsuitable coupling partners for the Castro-
Stephens coupling conditions employed. 16 Synthesis of the more active
iodo derivatives was found to be necessary in order for the coupling
reaction to take place. lodo-thiophenol was not found to be readily
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available, requiring synthesis of the desired compound. A protected
thioacetate was desired, since the free thiol compound would poison the
coupling catalyst.
Initial efforts to synthesize the iodo-thioacetate focused on
the methods employed by Pearson and Tour. lO Diiodobenzene was treated
with tert-butyllithium to generate the mono-anion, followed by adddition
of elemental sulfur to generate the thiol and finally protection ofthe thiol
via addition of acetyl chloride as shown below in scheme 1.
Scheme 1
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This method proved to be unreliable in my hands and did
not give adequate yields «10%) to pursue this method.
An alternative synthesis via generation ofa diazonium salt
of iodo-aniline proved to be more reliable. The synthetic scheme is that of
Petrillo and co-workers as shown below in scheme 2. 11
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Petrillo and co-workers were able to synthesize the desired
thioacetate in 40% yield via generation of a diazonium salt of iodo-aniline
in aqueous Hel followed by addition of sodium tetrafluoroborate and
subsequent reaction with potassium-thioacetate in DMSO.
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Generation ofthe diazonium salt was performed following the
procedure ofDoyle and Bryker.12 Typical diazotization of aromatic
amines involve utilization ofsodium nitrite in 40-50% aqueous
fluoroboric acid or diazotization in aqueous hydrochloric acid followed by
addition of sodium tetrafluoroborate to precipitate the salt. 13 Often these
procedures require addition of a large excess of sodium tetrafluoroborate
and obtaining the salt can be labor intensive. Additionally, aromatic
amines that do not dissolve in aqueous mineral acid can be problematic.
The procedure ofDoyle and Bryker utilized in situ generation ofnitrosyl
fluoride in the presence of an aromatic amine and boron trifluoride to
generate the diazonium salt in high yield, as shown below in scheme 3. 12
Scheme 3
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This procedure was utilized to generate the diazonium salt species
for the subsequent formation ofthioacetate. The diazonium species can be
formed under mild conditions and in good yield while the excess
borontrifluoride traps the alcohol and water produced in the diazotization
process. 12 The diazonium salt can be formed in anhydrous solvent, such as
dichloromethane, and precipitates readily form the reaction mixture for
easy isolation via filtration.
A combination of the synthesis ofDoyle and Bryker, to generate
the diazonium species, and Petrillo and co-workers resulted in the process
shown below to obtain para and meta iodo-thioacetate compounds.
Scheme 4
40%
isolated
yield
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\
CH3
I.)BF3 Etherate
2.) t-Butylnitrite
Dichloromethane
(-15°C to2S°C)
(7) (8) (9)
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1.2 Synthesis of TMS-ethynyl thioacetates
Subsequent to formation ofthe necessary thioacetates, coupling of
the appropriate ethynyl functionality with the iodo-thioacetate was
performed. Typical Castro-Stephens conditions were effective to provide
the desired trimethylsilyl protected meta and para ethynyl thioacetates in
good yield as shown below in scheme 5. 16
Scheme 5
(9)
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~
N,N Disopropylethylamine (1.5 eq.)
THF25°C
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c
III (10)
c
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85% isolated
yield
However, coupling of ortho substituted iodo-thioacetate failed,
possibly due to catalyst coordination effects of the ortho-thioacetate group.
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1.3 Deprotection of ethynyl group of thioacetate
Subsequent to the coupling of aryl iodo thioacetate with TMS
acetylene, removal of the trimethylsilyl protecting group from the attached
ethynyl functionality was performed. Removal was performed under
conditions utilized by Pearson and Tour. 10 The TMS protecting group was
removed via 1.0M tetrabutyl ammonium fluoride in THF with addition of
15% acetic anhydride and 10% acetic acid to re-acylate any un-protected
thiol generated during the reaction, as shown below.
Scheme 6.
Scheme 6
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(11)
Removal ofTMS at this point in the overall reaction sequence
rather than following de-protection ofthe thiol was found to be necessary
due to the lability of the acetyl protecting group on the thiol. As shown by
Pearson and Tour, competing removal of the acyl group from the thiol
moiety is problematic, leading to significant disulfide formation without
an acylating agent present in the reaction. lO If the TMS removal was
performed as a final step, the presence of an acylating agent would lead to
formation of acylated by-product during addition ofthe appropriate
chloroformate in the last step ofthe sequence. Although the
chloroformate could potentially be utilized as the re-acylating agent this
strategy would have failed when utilizing a chloroformate with a
trimethylsilyl group. This necessitates the removal ofTMS prior to de-
protection ofthe thiol in preparation for addition of chloroformate.
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1.4 De-protection of the thioI
Several methods for the de-protection ofthe thioacetates have been
reported. These methods often involve harsh reaction conditions,
expensive reagents or are accompanied by significant disulfide formation.
The method ofWallace and Springer provides a sodium salt of the
substrate thioacetate in good yield under mild conditions. 14 A methanol
solution of substrate is treated with sodium thiomethoxide to give the
resulting sodium salt in reasonable time at 25°C, as shown below is
scheme 7.
Scheme 7
(11)
MeOH 25°C
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This method is compatible with a variety of functional groups
including primary, secondary, tertiary and phenyl thioacetates. 14 This
method is superior to simple basic hydrolysis in that the thiomethoxide
can act as a sacrificial reductant preventing oxidation ofthe unprotected
thiol.
1.5 Formation of tbiocarbonate
Following de-protection of the thioacetate, the sodium salt product
was added to a solution ofthe appropriate chloroformate in
tetrahydrofuran to provide the target thiocarbonates in good yield under
mild conditions, as shown below in scheme 8.
Scheme 8
S-Na+
II
(12)
(13)
II
Isolation via filtration to remove by-product sodium chloride and
vacuum distillation provides crude thiocarbonate
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Chapter 2 Synthesis of chloroformates
2.1 Synthesis t-butyl ethyl chloroformates
Synthesis of the required chloroformates was achieved via the
procedure of Shute and Rich. IS To a solution ofthe pre-cursor alcohol in
toluene is added solid potassium carbonate. Asolution ofphosgene (20%)
in toluene is then added to the alcohol solution to effect transformation to
the chloroformate, as shown below in scheme 9.
Scheme 9
o
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Nitrogen sparging to remove excess phosgene, filtration and
vacuum distillation to remove solvent provided the product chloroformates
in high yield and purity. The chloroformates were stored under nitrogen
atmosphere in a refrigerator.
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2.2 Synthesis of t-butyl sHyl ethyl chloroformate
Synthesis oft-butyl sHyl ethyl chloroformate was achieved in a
procedure identical to that of t-butyl ethyl chloroformate starting from the
appropriate alcohol as shown below in scheme 10.
Scheme 10
K~lSluene -life
/
--So/~OH
(16)
o
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(17)
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Conclusions
A series of novel thiocarbonate ethynyl benzene compounds have
been synthesized for evaluation as acetylcholinesterase inhibitors. The
synthetic scheme utilized can be employed to reach a number ofnew
analogs. There are many ethynyl moieties which could be utilized in the
coupling step and a number of suitable chloroformates which could be
used in the final step to form the thiocarbonate. This flexibility allows one
to electronically tune the target molecule to achieve the desired inhibition
rate should these compounds prove to be effective inhibitors of
acetylcholinesterase. Similarly, the ethynyl functionality could be varied
to achieve the desired "suicide" type inhibition should the synthesized
compounds not achieve the desired result.
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Experimentals
IH NMR spectra were recorded on a Varian Unity 300MHz,
Broker Avance 400Mhz or Broker Avance SOOMHz spectrometer and are
referenced to tertramethyl silane at O.OOppm. 13C NMR spectra were
recorded on a Varian Unity 300MHz, Broker Avance 400Mhz or Broker
Avance SOOMHz spectrometer and are referenced to the central peak of
deuterochloroform triplet at 77.0 ppm. Infrared absorption spectra were
obatained on a Nicolet 870 FT-IR spectrophotometer. Melting points
were determined on a Mettler DSC821e differential scanning calorimeter.
Elemental analyses were performed by QTI Technologies Inc. All column
chromatography was performed on silica gel (400-230 mesh).
Preparatory thin layer was performed on Analtech Silica Gel GF
chromatography plates. Evaporation of solvents was performed on a
Buchi rotary evaporator.
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para-substituted thiocarbonate ethynyl benzenes
l-iodo-4-arenediazonium tetrafluoroborate salt (8): To a solution of
BF3 etherate (4.85g, 34.2 mmol, 1.5 eq.) in 50 ml anhydrous
dichloromethane at -15°C was added 4-iodoaniline (5g, 22.83mmol, leq.)
• <
in 15ml anhydrous dichloromethane at -15°C. tert-Butyl nitrite (3.21g,
27.4mmol, 1.2 eq) was added dropwise at -15°C to give a white slurry.
Following the addition, the reaction was agitated at -15°C for 15 minutes
then allowed to warm to 20°C over 30 minutes. The slurry was filtered
and washed with dichloromethane.
IH NMR (300MHZ, CDCh) 0 8.39 (d, J=9.2Hz, 2H) 0 8.31 (d, J=9.2Hz,
2H)
l-iodo-4-thioacetylbenzene (9): To a solution of 150ml dimethyl
sulfoxide was added potassium thioacetate (7.8g, 68.5 mmol, 3.00 eq.) at
20°C. Following the addition, l-iodo-4-arenediazonium tetrafluoroborate
salt (8) was charged to give an orange slurry. The slurry was allowed to
agitate for 60 minutes, during which time a maximium temperature of
30°C was attained, to give a red solution. The solution was filtered to
remove insolubles. The DMSO was then washed with water (2 X
100ml)and the water extracted 3xl00ml with tert-butyl methyl ether. The
organic layer was dried with magnesium sulfate (5g) and filtered. The
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solvent was removed by rotary evaporation and the residue purified by
silica gel flash chromatography using a 25: 1 hexane ITBME eluent to
provide 2.50g (40%) ofthe title product as an off-white solid.
IH NMR (300MHZ, CDCh) () 7.79 (d, J=8.0Hz, 2H) () 7.16 (d, J=8.0Hz,
2H) () 2.40 (s, 3H) 13C NMR. (500MHZ, CDCh) () 193.12, 138.31,
135.92, 127.70,95.93,30.23 IR cm-1 (KBr) 3371, 2920, 1907, 1693,
1465, 1382, 1123, 1005, 811Elemental (Calc) C 34.55%, H 2.54%,0
5.75%, S 11.53%, I 45.63% (Found) C 34.85%, H 2.50%,05.915, S
11.80%, I 45.57% Mp=56.6°C
I-thioacetyl-4-[(trimethylsilyI)ethynyllbenzene (10): To a solution of 1-
iodo-4-thioacetylbenzene (9) (2.5g, 9.0mmol) in anhydrous THF (I5ml)
and N,N diisopropylethylamine(2.35ml, 1.75g, 13.5 mmol,1.5 eq) was
added dichloro bis(triphenylphosphine)palladium(II)(0.315g, 0.45 mmol,
0.05 eq.) copper iodide (0.085g, 0.45 mmol, 0.05 eq.) and trimethysilyl
acetylene ( 1.33g, 1.90ml, 13.5 mmol, 1.5 eq.). The reaction mixture was
allowed to agitate overnight at 20°C. The reaction mass was filtered to
remove insolubles, washed with THF and the solvent removed by rotary
evaporation. The residue was purified by silica gel flash chromatography
by first using hexane, then increasing to 9: 1 hexane! dichloromethane
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eluent to provide 1.90 g (85%) of the title compound as an off-white
solid.
. IH NMR (300MHZ, CDCh) 0 7.48 (d, J=8.0Hz, 2H) B7.34 (d, J=8.0Hz,
2H) 0 2.40 (s, 3H) 0 0.25 (s, 9H) l3C NMR (300MHZ, CDCh) 0193.3 ,
134.07, 132.49, 128.71, 127.12, 124.35, 104.17, 96.20, 30.26, -.09 IR cm-1
(KBr) 3390,2962,2159, 1705, 1482, 1249, 840 Elemental (Calc) C
62.85%, H 6.49%, Si 11.31%, S 12.91% (found) C 63.05%, H 6.32, Si
11.58, S 12.74 Mp=50.7°C
I-thioacetyl-4- ethynylbenzene (11): To a solution of I-thioacetyl-4-
[(trimethylsilyl)ethynyl]benzene (10) (1.90g, 7.65 mmol) in anhydrous
THF (15ml) at O°C was added acetic acid (O.lg, 1.66 mmol, 0.22 eq.) and
acetic anhydride (O.lg, 0.98 mmol, 0.13 eq.) followed by dropwise
addition of 1.0 M tetrabutyl ammonium fluoride in THF (9ml, 9.0 mmol,
1. 18 eq.) at -10°C. The solution was allowed to warm to 20°C, then
filtered through a silica plug and the solvent removed by rotary
evaporation to provide 1.21 g (90%, 6.88 mmol) ofthe title compound as
an orange solid, which was used without further purification.
IH NMR (400MHZ, CDCh) 0 7.44 (d, J=8.6Hz, 2H) 0 7.32 (d, J=8.6Hz,
2H) 0 3.07 (s, IH) 0 2.~5 (s, 3H) l3C NMR (400MHZ, CDCh) 0 193.71 0
134.57 133.120 129.170 123.73083.23079.28 B30.70 IR cm-1 (neat)
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3285,2925, 1708, 1483, 1398, 1353, 1126, 951, 829 Elemental (Calc) C
68.15%, H 4.58%,S 18.19% 09.08%( found) C 68.25%, H 4.53%, , S
18.27%, 0 9.10% Rr=0.25 (50/50 dichloromethane/hexane)
I-sodium thio-4- ethynylbenzene (12): To a solution of I-thioacetyl-4-
ethynylbenzene (11) 1.21g (6.88 mmol, 1.0 eq.) in 20 ml methanol.was
added a solution of sodium thiomethoxide (95%) 0.55g (7.5 mmol, 1.1
eq.) in 20ml methanol over 15 minutes at 20°C. The reaction was allowed
to exotherm to 23°C and then agitated for 15 minutes. The solvent was
then removed by rotary evaporation to provide 0.80g (75%, 5.16 mmol) of
the title compound as a yellow solid. The solid was used without further
purification.
IH NMR (300:MHZ, CDCh) 0 7.27 (d, J=8.0Hz, 2H) 0 7.07 (d, J=8.0Hz,
2H) 0 3.02 (s, IH)
I-tert-butyl ethyl thiocarbonate -4- ethynylbenzene (13): To a solution
oftert-Butyl ethyl chloroformate (15) ( 1.27g, 7.75 mmol, 1.5 eq.) in
anhydrous THF (15ml) was added a solution of I-sodium thi0-4-
ethynylbenzene (12) (0.80g, 5.16 mmol, 1.0 eq.) in anhydrous THF (15ml)
over a period of 10 minutes at 20°C. The reaction mixture was agitated
overnight, filtered, and the solvent removed by rotary evaporation. The
residue was purified by sHca gel flash chromatography by first using
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hexane, then increasing to 5: 1 hexane! dichloromethane eluent to provide
1.02 g (75%,3.9 mmol) of the title compound as a low melting solid.
IH NMR (300MHZ, CDCh) B7.49 (s, 4H) B4.30 (t, J=7.7Hz, 2H)
B3.15 (s, 1H) B1.61 (t, J=7.7Hz, 2H) B0.93 (s, 9H) l3C NMR
(300MHZ, CDCh) B168.86, 134.41, 132.61, 128.84, 123.39,82.79,
78.98,66.03,41.69,29.70,29.51 IRcm-1 (neat) 3291,2958,2867,1725,
1477, 1141,833 Elemental (Calc) C 68.67%, H 6.92%,012.20%, S
12.22% (Found) C 68.43%, H 7.20%, 0 12.15%, S 12.17% RrO.5
(50/50 dichloromethane/hexane)
I-tert-butvlsilyl ethyl thiocarbonate -4- ethynylbenzene: To a solution
oftert-Butylsilyl ethyl chloroformate (17) ( 1.40g, 7.75 mmol, 1.5 eq.) in
anhydrous THF (15ml) was added a solution of I-sodium thi0-4-
ethynylbenzene (12) (0.80g, 5.16 mmol, 1.0 eq.) in anhydrous THF (I5ml)
over a period of 10 minutes at 20°C. The reaction mixture was agitated
overnight, filtered, and the solvent removed by rotary evaporation. The
residue was purified by silca gel flash chromatography by first using
hexane, then increasing to 5: 1 hexanel dichloromethane eluent to provide
1.57 g (78%, 6.0 mmol) of the title compound as a yellow solid.
24
IH NMR (300MHZ, CDCh) 0 7.45 (s, 4H) 0 4.30 (t, J=8.4Hz, 2H)
o3.11 (s, 1H) 0 1.03 (t, J=8.4Hz, 2H) 0 0.00 (s, 9H) 13C NMR
(300MHZ, CDCh) 0 168.89, 134.43, 132.62, 128.92, 123.32,82.80,
78.90,66.90, 17.63, -1.54 IR cm-1 (neat) 3262, 2954, 1712, 1486, 1151,
836 Elemental (Calc) C 60.30%, H 6.51%, S 11.52%, Si 10.09% (Found)
C 60.18%, H 6.68%, S 11.56%, Si 9.94% Mp=63°C.
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meta-substituted thiocarbonate ethynyl benzenes
l-iodo-3-arenediazonium tetrafluoroborate salt: To a solution ofBF3
etherate (4.85g, 34.2 mmol, 1.5 eq.) in 50 m1 anhydrous
dichloromethane at -15°C was added 3-iodoaniline (Sg, 22.83mmol,
leq.) in 15ml anhydrous dichloromethane at -15°C. tert-Butyl nitrite
(3.21g, 27.4mmol, 1.2 eq) was added dropwise at -15°C to give a white
slurry. Following the addition, the reaction was agitated at -15°C for 15
minutes then allowed to warm to 20°C over 30 minutes. The slurry was
filtered and washed with dichloromethane.
IH NMR (300MHZ, CDCh) 0 9.02 (d, J=4.4Hz, 1H), 0 8.60 (~d, J=8.1Hz,
2H), 07.70 (t, J=8.1Hz, IH)
l-iodo-3-thioacetylbenzene: To a solution of 150ml dimethyl sulfoxide
was added potassium thioacetate (7.8g, 68.5 mmol, 3.00 eq.) at 20°C.
Following the addition, l-iodo-4-arenediazonium tetrafluoroborate salt
was charged to give an orange slurry. The slurry was allowed to agitate
for 60 minutes, during which time a maximium temperature of 30°C was
attained, to give a red solution. The solution was filtered to remove
insolubles. The DMSO was then washed with water (2 X 100ml) and the
water extracted 3x100ml with tert-butyl methyl ether. The organic layer
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was dried with magnesium sulfate (5g) and filtered. The solvent was
removed by rotary evaporation and the residue purified by silica gel flash
chromatography using a 25:1 hexane ITRME eluent to provide 2.73g
(9.8mmol, 43%) ofthe title product as a yellow oil. RFO.3 (50/50
dichlormethane/hexane)
IH NMR (300MHZ, CDCh)o 7.75 (d, J=1.5Hz, IH) 0 7.72 (d, J=8.1Hz,
lH),o 7.36 (d, J=8.1Hz, IH) 07.13 (t, J=8.1Hz, IH) 0 2.42 (s, 3H) l3C
NMR (500MHZ, CDCh) 0 192.89, 142.48, 138.24, 133.55, 130.53,
129.75,94.22,30.18 IRcm01(film) 3399,3054,1705,1458,1392,1119,
993, 777 Elemental (Calc) C 34.55%, H 2.54%,05.75%, S 11.53%, I
45.63% (Found) C 34.85%, H 2.50%,05.91%, S 11.80%, I 45.57%
I-thioacetyl-3-J(trimethylsilyl)ethynyllbenzene: To a solution of l-iodo-
3-thioacetylbenzene (2.73g, 9.8mmol) in anhydrous THF (15ml) and N,N
diisopropylethylamine(2.56ml, 1.90g, 14.7 mmol, 1.5 eq) was added
dichloro bis(triphenylphosphine)palladium(lI) (0.343g, 0.49 mmol, 0.05
eq.) copper iodide (0.093g, 0.49 mmol, 0.05 eq.) and trimethysilyl
acetylene ( 1.44g, 2.08ml, 14.7 mmol, 1.5 eq.). The reaction mixture was
allowed to agitate overnight at 20°C. The reaction mass was filtered to
remove insolubles, washed with THF and the solvent removed by rotary
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evaporation. The residue was purified by silica gel flash chromatography
by first using hexane, then increasing to 9: 1hexane/ dichloromethane
eluent to provide 2.11 g (87%)ofthe title compound as a yellow oil.
Rr=0.3 (50/50 dichlormethane/hexane)
lH NMR (300MHZ, CDCb)87.52 (s, IH) 8 7.49 (dd, J=3Hz, IH), 07.36
(s, 2H) 8 2.42 (s, 3H) 0 0.24 (s, 9H) l3C NMR (300MHZ, CDCh) 0
193.42, 137.70, 134.43, 132.78, 128.99, 128.13, 124.38, 103.84,95.55,
30.23, -0.09 IR cm-l (neat) 2960, 2162, 1713, 1467, 1250,844 Elemental
(Calc) C 62.85%, H 6.49%, Si 11.31%, S 12.91% (Found) C 63.00%, H
6.22%, Si 11.61%, S 12.80%
I-thioacetyl-3- ethynylbenzene: To a solution of I-thioacetyl-3-
[(trimethylsilyl)ethynyl]benzene (1.90g, 7.65 mmol) in anhydrous THF
(15ml) at O°C was added acetic acid (O.lg, 1.66 mmol, 0.22 eq.) and acetic
anhydride (O.lg, 0.98 mmol, 0.13 eq.) followed by dropwise addition of
1.0 M tetrabutyl ammonium fluoride in THF (9ml, 9.0 mmol, 1.18 eq.) at
-10°C. The solution was allowed to warm to 20°C, then filtered through a
silica plug and the solvent removed by rotary evaporation to provide 1.18
g (88%,6.73 mmol) of the title compound as an orange solid, which was
used without further purification.
28
IH NMR (300MHZ, CDCh)B7.47 (s, IH) B7.49 (d, J=7 Hz, IH), B7.32
(s, 2H) B3.03 (s, IH) B2.36 (s, 3H) l3C NMR (400MHZ, CDCh) B
193.81 B138.20 B135.24 B133.43 B129.52 B128.68 B1123.75 B82.92 B
78.81 B30.67
IR cm"l(neat) 3288, 2925" 1701, 1400, 1250, 1353, 1125,951, 791
Elemental (Calc) C 68.15%, H 4.58%,S 18.1got/o 09.08%( found) C
68.28%, H 4.55%, , S 18.30%,09.12%
I-sodium thio-3- ethynylbenzene: To a solution of I-thioacetyl-3-
ethynylbenzene 1.18g (6.73 mmol, 1.0 eq.) in 20 ml methano1.was added a
solution of sodium thiomethoxide (95%) 0.52g (7.4 mmol, 1.1 eq.) in
20ml methanol over 15 minutes at 20°C. The reaction was allowed to
exotherm to 23°C and then agitated for 15 minutes. The solvent was then
removed by rotary evaporation to provide 0.80g (76%, 5.11 mmol) ofthe
title compound as a yellow solid. The solid was used without further
purification.
IH NMR (300MHZ, CDCh)B7.51 (s, IH) B7.37 (d, J=7 Hz, IH), B7.28
(s, 2H) B2.97 (s, IH)
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l-tert-butyl ethyl thiocarbonate -3- ethynylbenzene: To a solution of
tert-Butyl ethyl chloroformate ( 1.27g, 7.75 mmol, 1.5 eq.) in anhydrous
THF (15ml) was added a solution of I-sodium thio-3-ethynylbenzene
(0.80g, 5.16 mmol, 1.0 eq.) in anhydrous THF (15ml) over a period of 10
minutes at 20°C. The reaction mixture was agitated overnight, filtered,
and the solvent removed by rotary evaporation. The residue was purified
by silica gel flash chromatography by first using hexane, then increasing
to 5:1 hexane/ dichloromethane eluent to provide 1.04 g (77%, 4.0 mmol)
of the title compound as a low melting solid.
IH NMR (300MHZ, CDCh) 0 7.66 (s, lR), 0 7.52 (d, J=8.4 Hz, 2H), 0
7.35 (t, J=7.7 Hz, IH), 04.31 (t, J=7.4Hz, 2H), 0 3.11 (s,IH), 01.61 (t,
J=7.4Hz, 2R), 00.93 (s, 9R) 13C NMR (300MHZ, CDCh) 0 169.05,
138.15, 135.10, 133.04, 129.02, 128.33, 123.29,82.46, 78.33, 66.06,
41.67,29.73,29.51 IR (neat) 3294,2958, 1733, 1470, 1140, 791
Elemental (Calc) C 68.67%, H 6.92%,0 12.20%, S 12.22% (Found) C
68.37%, H 7.05%, 0 11.83%, S 11.890tIo RFO.5 (50/50
dichloromethane/hexane)
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I-tert-butylsilyl ethyl thiocarbonate -3- ethynylbenzene: To a solution
oftert-Butylsilyl ethyl chloroformate ( 1.40g, 7.75 mmol, 1.5 eq.) in
anhydrous THF (I5ml) was added a solution of I-sodium thio-3-
ethynylbenzene (0.80g, 5.16 mmol, 1.0 eq.) in anhydrous THF (15ml)
over a period of 10 minutes at 20°C. The reaction mixture was agitated
overnight, filtered, and the solvent removed by rotary evaporation. The
residue was purified by silica gel flash chromatography by first using
hexane, then increasing to 5: 1 hexane/ dichloromethane eluent to provide
1.05 g (73%, 3.76 mmol) of the title compound as a yellow oil.
IH NMR (300MHZ, CDCh) 0 7.62 (s, IH), 0 7.47 (d, J=7.7Hz, 2H), 0
7.30 (t, J=7.7, IH), 0 4.30 (t, J=8.4, 2H), 0 3.06 (s, IH), 0 1.03 (t,
J=8.4Hz,2H),o 0.00 (s, 9H) l3C NMR (300MHZ, CDCh) 0 168.99,
138.13, 135.10, 133.01, 129.02, 128.43, 123.26,82.49, 78.30,66.89,
17.62, -1.54 IR(neat) 3295, 2955,1725,1468,1137, 790 Elemental (Calc)
C 60.30%, H 6.51%, S 11.52%, Si 10.09% (Found) C 59.97%, H 6.47%,
S 11.88, Si 9.77% RFO.5 (50/50 dichloromethane/hexane)
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TEOC-C1 2-trimethylsilyl ethyl chloroformate
To a 250 ml round bottom flask was charged 25 ml toluene, 4.63g
(0.8 equiv., 33.5mmol) potassium carbonate and 4.95g(41.9mmol) 2-
trimethylsilyl ethanol. The slurry was cooled to -lOoe and 30ml (28.05g,
56.7mmol, 1.35eq.) of20 wt.% solution ofphosgene in toluene was added
over a 30 minute period while maintaining the reaction temperature at -
10°C. The solution was allowed to warm to 25°C over a 60 minute period.
The solution was allowed to exotherm from 25°C to 47°C over the next 30
minutes. The.solution was allowed to cool to 25°C and was then sparged
with nitrogen while under 600mmHG pressure for 15 minutes to remove
excess phosgene. Following removal ofexcess phosgene, the solution was
filtered through magnesium sulfate and the filtrate vacuum distilled at
50°C and 10mbar to yield 3.78g (50%,21.0 mmol) t-butyl silyl ethyl
chloroformate as an oil. The oil was stored under a nitrogen atmosphere at
55°C.
IH NMR (300MHZ, eDeh) 0 4.34 ( t, J=8.5, 2H) 0 1.07 ( t, J=8.5, 2H) 0
0.00 (s, 9H)
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t-butyl ethyl chloroformate
To a 250 ml round bottom flask was charged 25 ml toluene, 4.63g
(0.8 equiv., 33.5mmol) potassium carbonate and 4.29g(41.9mmol) 3,3
dimethyl butanol. The slurry was cooled to -10°C and 30ml (28.05g,
56.7mmol, 1.35eq.) of20 wt.% solution ofphosgene in toluene was added
over a 30 minute period while maintaining the reaction temperature at-
10°C. The solution was allowed to warm to 25°C over a 60 minute period.
The solution was allowed to exotherm from 25°C to 45°C over the next 30
minutes. The solution was allowed to cool to 25°C and was then sparged
with nitrogen while under 600mmHG pressure for 15 minutes to remove
excess phosgene. Following removal of excess phosgene, the solution was
filtered through magnesium sulfate and the filtrate vacuum distilled at
50°C and 10mbar to yield 3.79g (55%, 34.3 mmol) t-butyl ethyl
chloroformate as an oil. The oil was stored under a nitrogen atmosphere at
55°C.
IH NMR (300MHZ, CDCb) IH NMR (300MHZ, CDCb) 0 4.37 ( t,
J=7.5, 2H) 0 1.66 (t, J=7.5, 2H) 0 0.95 (s, 9H)
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